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(54) Optical differential profile measurement apparatus and process 



(57) An interferometer (10) forms a pair of projected 
sub-beams by decomposing a single coherent, linearly- 
polarized beam (14). These sub-beams are focused by 
an objective lens (52) onto a pair of test spots on a test 
surface (1 2). The reflections of these sub-beams are re- 
combined to form an elliptically polarized return beam, 
which is broken into return sub-beams of opposing po- 



larities in a polarizing beam splitter (64). The intensities 
of these return sub-beams are used to calculate a dif- 
ference in height between the two test spots. When 
these test spots are aligned along a path of relative mo- 
tion with the test surface, the resulting differences in 
height are added to form an accumulative profile of the 
test surface (12). 
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D scription 

Fifeld of the Invention 

5 This invention relates to an apparatus and method for acquiring and analyzing data from an interferometer, and, 

more particularly, to a method for analyzing the relative height of adjacent points on a surface imaged by an interfer- 
ometer as the surface Is moved in a scanning motion. 

Background Infomnation 

10 

Semiconductor wafers and magnetic disks, such as those used to store data in computer systems, have become 
very sensitive to surface flatness and other parameters determining surface quality. The surfaces of such devices need 
to be inspected with a high degree of accuracy for anomalies at a very high throughput rate to nnatch the capabilities 
of the equipment used to manufacture such devices. 

15 Thus, surface profilers have become key instruments used in the manufacture of such devices, being widely used 

to study surface topography, structure, roughness, and other characteristics. Surface profilers are categorized into a 
first class of instruments, providing contact measurements with a probe that physically contacts the surface being 
measured, and a second class of. instruments, providing non-contact measurements without physically contacting the 
surface being measured. In many applications, non-contact measurements are strongly preferred to avoid contamina- 
te tion and mechanical damage to the surface being measured, and lo allow inspection at a high surface speed. 

An example of an instrument providing noh -contact surface measurements is a surface profile interferometer, 
which is particularly used tor determining the roughness of a surface or the height of a step change in the thickness 
of a part being measured. Such a step change may be caused, for example, by the application of a metal film to a 
substrate in the manufacture of a printed circuit board or an integrated microcircuit. In general terms, an interferometer 

25 is an optical instrument in which two beams of light derived from the same monochromatic source are directed along 
optical paths of different length, in which the difference in length determines the nature of an interference pattern 
produced when the light beams are allowed to interfere. Since the beams of light are derived from the same mono- 
chromatic source, they are identical in wavelength. At equal path distances from the source, they are also in phase 
with one another. Phase differences between the beams therefore result only from differences in path length. 

30 The phenomenon of light wave interference results from the mutual effect of two or more waves passing through 

the same region at the same time, producing reinforcement at some points and neutralization at other points, according 
to the principle of superposition. 

With a photoelectric shearing interferometer, the height of a step change in a test surface may be measured using 
polarized light passed through a slit, through a Wollaston prism, and through a microscope objective lens, to form two 

35 images of the slit, with one image on each side of the step change. The beams reflected by the test surface pass 
through the lens and the prism, with an image being formed by two orthoganally polarized beams. The phase difference 
between these beams, which is determined by the height of the step, may be measur-ed by the linear movement of a 
weak lens in a lateral direction (transverse to the beam) until the phase difference is exactly cancelled, as determined 
by the use of an electro-optic modulator, an analyzer, a photomultiplier, and a phase-sensitive detector, which are used 

40 together to detect the phase equality of thetwo interfering beams. The accuracy of the system depends on the precision 
to which the linear movement of the weak lens can be measured. Thus, a difference in phase between two orthogonal 
polarizations is measured, with the beams laterally displaced by the Wollaston prism, so that the system is not a 
common-path interferometer 

The Wollaston prism makes use of the phenomenon of double refraction or birefringence, through which a crystal 

45 of a transparent anisotropic material refracts orthogonally polarized light beams at different angles. Crystals such as 
calcite, quartz, and mica exhibit this property. A Wollaston prism includes two wedge-shaped segments held together 
with adjacent polished surfaces extending along a plane at an oblique angle to the optical axis of the device. The outer 
surfaces of the Wollaston prism lie along planes perpendicular to the optical axis of the device. The two segments of 
the Wollaston prism are composed of a birefringent material, with the crystal axes of the material lying perpendicular 

50 to each other and to the optical axis of the device. 

For example, if a beam of light consisting of two sub-beams polahzed orthogonally to each other is directed along 
the optical axis of the device to a Wollaston prism, the two beams will not be refracted at the initial surface of the prism, 
since it lies perpendicular to the direction of both beams. However, when the two beams reach the oblique surfaces 
inner surfaces of the two s gments of the prism, refraction will occur, with the two beams being refracted at different 

55 angles because of the birefringence of the materia! of which the prism segments are composed. When the two beams 
reach the opposite external side of the prism, they are again refracted. 

While the above discussion describes a Wollaston prism comprising two wedges of birefringent matehal, it is pos- 
sible and often advantageous to form a prism of this kind using three or more such wedges, joined at two or mor 
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oblique planes. When this is done, the outer surfaces of the prism remain perpendicular to the optical centre of the 
device. 

Thus, a number of methods have been developed for using interferometers to provide accurate measurements of 
ft very small surface features. However, since these methods are based on rather elaborate and painstaking processes 

5 in which a very small surface area is held in place to be viewed through an interferometer, they are difficult to apply to 
the materials of a mass production process making, in large volumes, parts which would benefit from inspection by 
means of interferometry. 

What is needed is a way to apply a scanning process allowing a relatively large test surface to be examined without 
stopping for the measurement of individual areas., while providing quantitative data on step changes and on the slope 

70 of delect walls in real time during the scanning process. 

U.S. Patent No. 5,469,259 describes an interferometer of a common mode shearing type, which produces a pair 
of sheared optical beams both incident on a surface being inspected. These shared beams are produced by a compound 
wollaston prism, which projects a real splitting point in the rear focal plane of a microscopic objective. The objective 
lens forms interferograms of portions of the surface being inspected on both an area array CCD sensor, used tor static 

75 surface acquisition, and a line scan CCD sensor, used for moving surface acquisition as the test surface is moved, or 
scanned past the objective lens. A duat-purpose illumination arm provides different forms of illumination required tor 
the static (area) and moving (scanning) processes. 

When the scanning process is to be performed, interferometer is adjusted to produce a dark field interferogram 
on the line scan CCD sensor, with flat areas of the surface being scanned remaining dark, while anomalies, whether 

20 raised of dcpfossod Hppedr as bright areas. Thus, while the scanning process is useful for determining the locations 
of anofTviltob to fi (Jcyiec their areas, many Important features of an individual anomaly, such as whether it is raised 
or depressed rind tis hoqi^l or depth cannot be determined. 

On ihc othci hri-^d wren the interferometer of U.S. Patent No. 5,469,259 is used in the static mode, analyzing a 
stationary tntcfcfornctf c im. igc projected on the area array CCD sensor, the height or depth of the anomaly and various 

25 details of iis shape cm be rc*idily determined. The disadvantage of this mode is that the surface under test must be 
held stationnrv o.-ich nnomaly is checked. Thus, a time to move between anomalies must be added to the time 
required for mcrasurcmonts ^rd calculations, making the measurement of an individual anomaly take as long as 0.8 sec. 

SUfV/IMARY O- THF INVFNTIQN 

30 . . ■ 

In accordance v/ith one aspect of the invention, there is provided a surface inspection apparatus; as claimed in 
claim 1 , for delcrmtning h profile of a surface under test. The surface inspection apparatus includes a laser, optical 
apparatus, a polari/ing beamsplitter, and first and second' photodetectors. The laser produces a coherent, linearly- 
polarized beam, which is decomposed within the optical apparatus to form first and second projected sub-beams. The 
55 first projected sub-beam is linearly polarized in a first direction, while the second projected sub-beam is linearly polarized 
In a second direction, opposite the first direction. The first and second projected sub-beams are projected to first and 
second test spots on the surface under test, which extend along the surface. under test in a spaced-apart relationship. 
The first and second projected sub-beams, after reflection from.the first and second test spots, are recombined into a 
single, elllptically polarized return beam, which is split within the beam splitter into a first return sub-beam, polarized 
40 in a third direction, and a second return sub-beam, polarized in a fourth direction, perpendicular to the third direction. 
The first and second photodetectors measure intensity of the first and- second return sub-beams, respectively. 

In accordance with a second aspect of the invention, there is provided a process for determining a profile of a 
surface under test, having the steps recited in claim 10. 

In accordance with a third aspect of the invention, there is provided a medium on which a computer readable 
45 program is stored, causing a computing system to calculate a difference in heights of first and second test spots on a 
surface under test, as recited in claim 1 3. 

Preferred features are recited in the dependent claims. 

With the present invention, a non-contact, optical method can be carried out for making height and depth meas- 
urements of anomalies while scanning, without requiring that the motion of the test sample be stopped. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodimGnts of the present invention will now be described in conjunction with the following drawing 
figures: 

55 

FIG. 1 Is a schematic elevation of an interferometer built in accordance with the present invention; 

FIG. 2 is a schematic plan view of a half-wave plate in the interferometer of FIG. 1 , taken as indicated by section 
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lines 11-11 in FIG. 1 to show the polarization orientations of coherent beams travelling therethrough; 

FIG. 3 is a schematic plan view of a Wollaston prism in the interferometer of FIG. 1 , taken as Indicated by section 
lines Ill-Ill in FIG. 1 to show the polarization orientations of laser beams travelling therethrough; and ^ 

5 

FIG. 4 is a graphical representation of a process for determining the profile of a relatively large anomaly in a test 
surface by combining the results of a number of measurements. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

FIG. 1 is a schematic elevation of an interferometer 10 built in accordance with a preferred embodiment of the 
present invention. Within this apparatus, a test surface 12 is illuminated from a beam 14 projected from a laser unit 
16. A laser unit having an output beam with a wavelength of 532 nanometers has proven to be satisfactory in this 
application. This beam leaves the laser unit vertically polarized, as indicated by arrow 18. A half -wave plate 20 is 

15 rotated about the axis 22 of the laser beam 1 4 to provide a fine adjustment of the vertical polarization of the laser beam 
14 projected therethrough. After passing through half-wave plate 20, a portion of the laser beam 22 is deflected down- 
ward, along an optical axis 24 of the interferometer 10, within a non-polarizing beamsplitter 25. A portion of the laser 
beam 14 is wasted, being transmitted through the beamsplitter 25 instead of reflected therein. The downward-directed 
reflected laser beam 26, which is horizontally polarized as indicated by arrow 28. Is projected through a second half- 

20 wave plate 30. 

FIG. 2 is a schematic plan view of the second half-wave plate 30, taken as indicated by section lines 11-11 in FIG. 
1 , to show the polarization orientations of laser beams projected therethrough. The transmission of linearly polarized 
light through a half-wave plate results in the rotation of the angle of polarization through an angle which is twice the 
angle between the direction of polarization and the crystal axis of the material composing the half -wave plate. In the 
25 example of half-wave plate 30, the crystal axis is at a 22.5 degree angle, indicated as angle A, from the polarization 
direction, indicated by arrow 28, of the downward-reflected beam 26 (shown in FIG. 1 ). Therefore, in passing through 
half-wave plate 30, the direction of polarization of this laser beam is rotated through a 45-degree angle, indicated as 
angle B, to have the orientation indicate by arrow 32. 

FIG. 3 is a schematic plan view of a Wollaston prism 34, directly below the second half-wave plate 30, taken as 
30 indicated by section lines ill-Ill in FIG. 1, to show the polarization of laser beams travelling through the upper portion 
of the prism 34. 

Referring to FIGS. 1 and 3, the Wollaston prism 34 is composed of a pair of wedge-shaped segments 36, 38 of 
crystalline material having crystal axes 40, 42 which are perpendicular to one another and to the optical axis 24 of the 
interferometer 10. Thus, the downward deflected laser beam 26 enters the Wollaston prism 34 being polarized in a 

35 direction at a 45-degree angle from the optical axis of the upper wedge-shaped segments 36, and is therefore decom- 
posed into a pair of sub-beams of equal intensity, polarized in the mutually-perpendicular directions indicated by arrows 
28, 44. Since the crystalline material forming each segment 36, 38 of the Wollaston prism 34 is birefringent, refracting 
beams polarized at different angles in different directions, the two sub-beams travelling downward therethrough, being 
polarized perpendicularly to one another, as indicated by arrows 28, 44, are refracted differently at the interface 46 

40 between the segments 36, 38. In general, the Wollaston prism separates the two sub-beams exiting its lower surface 
by a deviation angle, which is a function of the wavelength of the laser beam, the indices of refraction of the materials 
of which the wedge-shaped portions 36, 38, and the angle at which the interface surface 46 is sloped. 

In general, a Wollaston prism may be composed of a number of wedge-shaped segments^ from a single segment 
up to three or more segments. In a Wollaston prism having one or two segments, the sub-beams diverge from a surface, 

45 such as interface surface 46, which is called a split point. In a Wollaston prism having three or more segments, the 
sub-beams are typically brought back together, to cross one another at a cross-over point between the Wollastom 
prism and the objective lens. If there is no cross-over point, the split point is in the back focal plane of the objective 
lens. If there is a cross-over point, the final cross-over point is in the back focal plane of the objective lens. 

In this way, a right sub-beam 48 having a first direction of polarization and a left sub-beam 50, having a direction 

50 of polarization perpendicular to that of right sub-beam 48 are formed. Both of these sub-beams 48, 50 pass through 
an objective lens 52, being focused on test surface spots 54, 56, respectively. After reflecting off the test surface spots 
54, 56 the sub-beams 48, 50 return upward through objective lens 52 and wollaston orism 34. being recombined at 
the upper wedged-shaped segment 36 of the prism 34. During the process of reflection off the spots 54, 56. the direc- 
tions of polarization remain as indicated by arrows 28, 44. 

55 In the example of FIG. 1 , test surface spot 54 is raised above the level of test surface spot 56, Since the distances 

travelled by the sub-beams 48, 50 are different, the times required for projection and reflection from the test spots 54, 
56, respectively, are different, producing a phase-shift between the two sub-beams 48, 50 as they are reflected back 
to the Wollaston prism 34. When these reflected sub-beams are recomposed within the Wollaston prism 34, due to 
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this phase shift, they form an elliptically polarized beam, having major and minor axes extending at 45-degree angles 
to the crystal axes 40, 42 of the materials making up the Woliaston prism 34. In FIG. 3, the polarization of this recom- 
posed beam is indicated by an ellipse 58. 
^ Referring to FIGS. 2 and 3. as the recomposed beam is transmitted upward through half-wave plate 30, its elliptical 

5 polarization is rotated to have major and minor axes extending in the direction of arrow 28 and in the direction perpen- 
dicular thereto, as indicated by an ellipse 50. The relative intensities along the major and minor axes of ellipse 60 are 
determined by the phase-shift between the sub-beams 48. 50 returning after reflection from the test spots 54, 56. 

Referring again to FIG. 1, the recomposed beam is transmitted upward from half-wave plate 30 into the non- 
polarizing beamsplitter 25, with the transmitted portion 62 of this recombined beam being used for subsequent meas- 

10 urements, as the portion of this beam reflected within the beamsplitter 25 is discarded. The elliptical polarization indi- 
cated by ellipse 60 in FIG. 2 is retained. The transmitted portion 62 of this beam is next split within a polarizing beam- 
splitter 64. with a portion of the beam 62 polarized in the direction indicated by arrow 28 being transmitted into a first 
photodetector 66, while a portion of the beam 62 polarized in the direction x>i arrow 44 (shown in FIG. 3) is reflected 
into a second photodetector 68. 

75 The output of each photodetector 66, 68 is provided as an input to a corresponding analog to digital convertor 70, 

which in turn provides an input to a computer processor 72. This processor 72 is a conventional device connected to 
conventional devices, such as a system memory 74, a hardfile 76, and a display unit 78. Programs for execution within 
the processor 72 are loaded into memory 74 from a diskette 80. 

Referring to FIGS. 1 -3; the relative illumination intensities measured at photodetectors 66, 68 provide an indication 

20 of relative intensities of the polarization along the major and minor axes of the elliptical polarization indicated by ellipse 
60, and hence of the phase shift between the returning sub-beams 48, 50. This phase shift is a function of the relative 
heights of test spots 54, 56 and of parameters within the interferometer 1 0. The elliptically polarized return beam exiting 
half-wave plate 30 may be mathematically broken into an X-vector, Vj^, describing light polarized in the direction indi- 
cated by arrow 28, and a Y-vector, Vy, describing light polarized in the direction indicated by arrow 44, The values of 

25 these vectors are given as a function of the time variable, t, by:- 



30 



35 



K =^0®'" i^^^^^ + + <^q) (1) 

V^= AQS\n(iot+ kL) (2) 

Thus, the X- and Y-vectors have the same amplitude, Aq. differing only in phase angle. In these equations, co is the 
angular frequency of the laser beam, in radians per second, L is the original length of the light path, which does not 
matter because it has the same effect on both equations (1 ) and (2), d is the height difference which is being measured 
by this process, <^q is an original phase angle, which is the phase angle provided by the apparatus when the test spots 
54, 56 are at the same height, and k is a wave number, which is defined as follows: 



40 ■ 

In this expression, X is the wavelength of the laser beam. 

To simplify the following mathematical derivation, these equations are rewritten using complex notation as: 



45 



50 



55 



(cot-h kL + 2kd+ (fp.) 

^,= \S (4) 

(5) 

After passing through the beamsplitter 25, the elliptically polarized return beam 62 is broken into sub-beams within 
polarizing beamsplitter 64. Since the beamsplitter 25, being a non-polarizing type, handles differing polarities in the 
same way, losses in the transmission through this beamsplitter 25 are not considered, as it is determined that the light 
level at photodetector 68 is given by: 
Similarly, the light level at photodetector 66 is given by: 

The light intensity measured at photodetector 68 is obtained by multiplying Vg times its conjugate, resulting in the 
following equation: 
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l/^ = V^cos45** + V<^cos45° (6) 



f^= — [e + e '] 



[© + e ' (9) 

Next. Iq is dolined as equal to the square of Aq, the imaginary portion of the above equation is eliminated, and the real 
portion of the equation is rewritten as: 

I, =|[2 + cos(2/cd+<t)o)] (^0) 

= /oCOS^/fd + ^) (11) 
Similarly Ihc bcnm inicnstly al sensor 66 is given by: 



/2=/oSin^(/ccr + ^) (12) 

The preceding discussion assumes that the incoming laser beam 1 4, which is directed downward at the half -wave 
plate 30, is perfectly polarized in the direction of arrow 28 when it enters the ha If -wave plate 30. In other words, the 
preceding discussion assumes the following equations to be true: 

^0 i^=fo (13); 

V = 0 (14) 

A more realistic mathematical model is given by the following equations, in which r has a value, depending on 
various aspects of the apparatus, between 0 and 1. tf the input beam from the laser entering half-wave plate 30 is 
entirely polarized in the x-direction indicated by arrow 28, r is equal to one. If this beam is entirely polarized in the y- 
direction indicated by arrow 44 (shown in FIG. 3). r is equal to zero. 

/^=r/o (15) 



V = (i -n/o (16) 

Under these conditions, the illumination intensity, l^. of the beam impinging on photodetector 68, and the illumination 
intensity, \2, of the beam irhpinging on photodetector 66. are given by the following equations: 
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2 H^n 2 H^n 

- n^coe^ (kd,- -°) + (1 - r)/oSin^ {kd -°) 



The mathematics associated with these intensities is simplified by considering the sum and differences of Equations 
^0 (17) and (18). yielding the following results: 

- = (2r - 1) IqCOs {2kd 4- Oq) (19) 



'i + '2 = (20) 



A differentia! intensity parameter is formed by dividing the difference between the illumination intensity signals by 
their sum. Thus, this differential intensity parameter S is given by the following equation: 

S = f—f = (2r - 1) cos (2/cd + (jjo) (21) 

The inlerferomeler 10 can be adjusted, particularly by moving the Woltaslon prism 34 in the directions indicated by 
arrow 28, so that (pQ is equal lo 0, n/2, or another convenient value. Such an adjustment may, for example, be made 
so that, when a flat test surface 1 2 is imaged, the output values of the two photodetectors 66, 68 are equal. 
Next (t)Q is set to -k/2, so that S is expressed as: 

S= (2r- 1)sin2/ccy= (2r- l)sin(^) (22) 

A. 

With this substitution. S has the same sign as d. Equation (22) is in a form which can be solved for the distance d, 
yielding: 

d={-^^)arcsH-2^^) (23) 
This equation holds true as long as the following relationships are met: 

0 < r < 1 (24) ; 

■ts (25) 

Thus, during measurement processes, a program is executed in processor 72 to determine the distance in height 
between the two test spots 54. 56, indicated as d in the equations, by substituting the illumination intensity values, 
indicated in the equations as 1^ and Ij in the equations, measured by photodetectors 66. 68, into the equations (22) 
and (23). 

These measurements and calculations are preferably made as the test surface 1 2 is driven in a scanning direction 
parallel to its flat portions. In the example of FIG. 1 , the test surface 1 2 is an upper surface of a disk 82 being examined. 
The disk 82 is mounted atop a turntable 84, which is mounted to rotate on a carriage 86 about a shaft 88. The carriage 
86 is in turn mounted to slide on a pair of parallel guide shafts 90, being driven by a leadscrew 92, engaging an internally 
threaded block portion 94 of the carriage 86. The leadscrew 92 is driven by a motor 96. Rotary motion of the turntable 
84 is achieved using a second motor 98 driving a wheel 1 00 engaging an outer surface of the turntable 64. The motors 
96, 98 are driven to scan the surface 82 past the projected sub-beams according to a pre-determined path by means 
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of driver circuits 102 in response to a program routine executing in processor 72. Since, during scanning, the output 
levels of photodetectors 66, 68 may continuously change, these outputs are preferably examined by sampling on a 
periodic basis. This sampling process may obtain an. instant level of Intensity measurement or an average intensity 
level occurring over a short time, such as the time between samples. 

5 In a preferred mode of operation, relative motion Is established between the test surface 12 and the test points 

54, 56 in the direction aligned with these test points 54. 56. When the apparatus is operating in this mode, the height 
calculations for individual segments of an anomaly are summed to obtain overall profile data for the anomaly Relative 
motion may be established by holding the interferometer 10 stationary while the test surface 12 is moved, as in the 
example of FIG. -1 , by moving the interferometer as the test surface remains stationary, or by moving the interferometer 

TO and test surface in different directions, which may, for example, be perpendicular to one another. 

In an alternative mode of operation, relative motion is established between the test surface 12 and the test points 
54, 56 in a direction perpendicular to a line between these test points 54, 56. When the apparatus is operating in this 
mode, the slopes of sides of individual anomalies may be examined. 

FIG. 4 is a graphical representation.of the process of determining the profile of a relatively large anomaly in a test 

75 surface with operation of the apparatus in the preferred mode defined above. Each measurement made yields a cal- 
culated change in height, indicated as Adj, ocQurring across anjncremental distance, indicated as Ax, which is equal 
to the distance between test spots 54. 56. For example, the scanning motion occurs at a constant speed, with the 
outputs of photodetectors 66, 68 being sampled periodically at times corresponding to scanning through the distance 
Ax. This distance may be, for example, 2 microns. The horizontal and vertical coordinates to a measured point i on 

20 the surface of the anomaly, indicated as Xj and Hj, respectively, are calculated using the following equations: 

Thus, the program executing in processor 72 also performs a profile development function by calculating horizontal 
distance and height information using the equations (26) and (27). While the term "height" is used to indicate a vertical 
distance above the nominally flat surface 



25 



30 



55 



X. = /Ax (26) 



= Ad^. (27) 

J = 0 



of the surface 12 under test, or an upward sloping portion of an anomaly, it is understood that negative values for 
"height" Indicate a vertical distance below the nominally flat surface of the surface 1 2 under test or a downward sloping 
portion of an anomaly. The lateral resolution depends on the sub-beam spot sizes and on the separation distance 
between the two beams. The vertical resolution depends on the signal-to-noise ratio implicit In the calculation of the 
differential intensity parameter, S. This signal-to-noise ratio in turn depends on the stability of the system, on the laser 
intensity and level of fluctuation, on the contrast ration, and on the dark current, noise levels, and sensitivity of the 
photodetectors 66, 68. Using apparatus of this sort, a vertical resolution of 1 nanometer can be achieved. 

In summary, according to the invention, an interferometer forms a pair of projected sub-beams by decomposing 
a single coherent, linearly-polarized beam. These sub-beams are focused by an objective lens onto a pair of test spots 
on a test surface. The reflections of these sub-beams are recombined to form an elliptically polarized return beam, 
which is broken into return sub-beams of opposing polarities in a polarizing beam splitter. The intensities of these return 
45 sub-beams are used to calculate a difference in height between the two test spots. When these test spots are aligned 
along a path of relative motion with the test surface, the resulting differences in height are added to form an accumulative 
profile of the test surface. 

Claims 

1 . A surface inspection apparatus for determining a profile of a surface (12) under test, comprising: 
a laser (16) producing a coherent, linearly polarized beam (14); 



an optical apparatus (34, 52), wherein said beam is decomposed into first and second projected sub-beams, 
with said first projected sub-beam being linearly polarized in a first direction, with said second projected sub- 
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beam being linearly polarized in a second direction, perpendicular to said first direction, wherein said first 
projected sub-beam is projected to a first test spot on said surface under test, wherein said second projected 
sub-beam is projected to a second test spot on said surface under test, with said first and second test spots 
extending along said surface under test in a spaced-apart relationship, wherein said first and second projected 
5 sub-beams, after reflection from said first and second test spots, are recombined into a single, elltptically 

polarized return beam; 

a polarizing beamsplitter in which said elliptically polarized return beam is split into a first return sub-beam 
polarized in a third direction and a second return sub-beam, polarized in a tourth direction, perpendicular to 
TO said third direction; 

a first photodetector (66) measuring intensity of said first return sub-beam; and 

a second photodetector (68) measuring intensity of said second return sub-beam. 

15 

2. The apparatus of Claim 1 , further comprising a computer processor (78) in which a first routine is running, wherein 
said computer processor operates in response to a first intensity input from said first photodetector (66) and a 
second intensity input from said second photodetector (68), and wherein said first routine calculates an output 
value representing a difference in height between said first and second test spots as a function of said first and 

^0 second intensity inputs. 

3. The apparatus of any preceding claim, further comprising surface drive means for establishing relative movement, 
along a pre-determined path, between said surface under test and said test spots. 

2^ 4. The apparatus of Claim 3, wherein said first and second test spots lie on said surface under test in said spaced- 
apart relationship, extending in a direction perpendicular to said pre-determined path. 

5. The apparatus of Claim 3, wherein said first and second test spots lie on said surface under test in said spaced- 
apart relationship, extending along said pre-determined path. 

30 

6. The apparatus of Claim 5, wherein said first routine performs a profile development function adding subsequently- 
determined differences in height to obtain a cumulated height. 

7. The apparatus of Claim 1, wherein said optical apparatus irrcludes: 

35 

a Wollaston prism (34), wherein said coherent, linearlyi polarized beam is decomposed into said first and 
second projected sub-beams and wherein said first and second projected sub-beams, after reflection from 
said first and second test spots, are recombined into said single, elliptically polarized return beam; and 

^0 an objective lens (52), disposed between said Wollaston prism and said test surface, wherein said objective 

lens focuses said first projected sub-beam on said first test spot and said second projected sub-beam on said 
second test spot. 



45 



8. The apparatus of Claim 7: 

wherein said Wollaston prism (34) includes a first segment having a crystal axis extending in said third direction 
and a second segment having a crystal axis extending in said fourth direction; 

wherein said coherent, linearly polarized beam is directed into said optical apparatus being polarized in said 
50 third direction; and 

wherein said optical apparatus additionally includes a half-wave plate through which said coherent, linearly 
polarized beam is directed into said Wollaston prism, with said half-wave plate rotating polarization of said 
coherent, linearly polarized beam into a direction mid-way between said third and fourth directions. 
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9. The apparatus of Claim 8, wherein said second return sub-beam is polarized in said fourth direction. 

10. A process for determining a profile of a surface under test, wherein said process comprises the steps of: 
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(a) exposing a first test spot on said surface under test to a first projected sub-beam, linearly polarized in a 
first direction, while a second test spot on said surface under test is exposed to a second projected sub-beam, 
linearly polarized in a second direction, perpendicular to said first direction, wherein said first and second 
projected sub-beams are formed by decomposing a single coherent, linearly-polarized beam, wherein after 

5 reflection from said surface under test, said first and second projected sub-beams are recombined into an 

elliptically polarized return beam, wherein said elliptically polarized return beam is split into a first return sub- 
beam polarized in a third direction and a fourth return sub-beam polarized in a fourth direction, wherein intensity 
of said first return sub-beam is measured within a first photodetector and wherein intensity of said second 
sub-beam is measured within a second photodetector; and 

(b) calculating, within computing equipment,, a difference in heights of said first and second test spots, in 
response to a first intensity measured by said first photodetector and a second intensity measured by said 
second photodetector 

IS 11. The process of Claim 10: 

wherein said step (a) occurs with relative motion between said surface under test and said test spots, with 
outputs of said first and second photodetectors being periodically sampled; and 

20 wherein said step (b) occurs following each sample of outputs of said first and second photodetectors. 

12. The process of Claim 11 : 

wherein said first and second test spots are aligned along a path of said relative motion; and 

25 

wherein said process additionally comprises a step of adding, within said computing equipment, a result of a 
calculation of said difference in height between said first and second test spots to an accumulative total thereof. 

13. A medium on which a computer readable program is stored, causing a computing system to calculate a difference 
30 in heights of first and second test spots on a surface under test: 

wherein said difference in heights is calculated in response to a first intensity measurement of a first return 
sub-beam polarized in a first direction and a second intensity measurement of a second return sub-beam 
polarized in a second direction, perpendicular to said first direction, with said first and second intensity meas- 
35 urements being provided as inputs to said computing system; 

wherein said first and second return sub-beams are split portions of an elliptically polarized return beam rec- 
omposed from a reflection, frorri said first test spot, of a first projected sub-beam, polarized in a third direction, 
from said first test spot, and a second projected sub-beam, polarized in a fourth direction, perpendicular to 
40 said third direction, from said second test spot; and 

wherein said first and second projected sub-beams are formed by decomposing a single coherent, linearly 
polarized beam. 

45 14. The medium of Claim 1 3, wherein said program additionally causes said computer system to calculate a surface 
profile by adding said difference in heights to an accumulated total thereof. 
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